Effects on Performance When Using a Posture Assistance Device – Results of a Usability Evaluation in Laboratory Setting  by Karlovic, Kristian et al.
2351-9789 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
doi: 10.1016/j.promfg.2015.07.301 
 Procedia Manufacturing  3 ( 2015 )  1395 – 1402 
Available online at www.sciencedirect.com 
ScienceDirect
6th International Conference on Applied Human Factors and Ergonomics (AHFE 2015) and the 
Affiliated Conferences, AHFE 2015
Effects on performance when using a Posture Assistance Device –
results of a usability evaluation in laboratory setting
Kristian Karlovica,*, Stefan Pfeffera, Thomas Maiera, Michael Heidingsfeldb,
Michael Edererb, Oliver Sawodnyb
aInstitute for Engineering Design and Industrial Design, Research and Teaching Department Industrial Design Engineering, University of 
Stuttgart, Pfaffenwaldring 9, Stuttgart 70569, Germany
bInstitute for System Dynamics, University of Stuttgart, Waldburgstr. 17/19, Stuttgart 70563, Germany
Abstract
This study systematically analyses the effects on performance (effectiveness and efficiency) as well as experience (satisfaction) 
when using a Posture Assistance Device (PAD). Therefore an evaluation of the presented PAD was made by a multiple 
measurement approach in laboratory setting. In a within subject design two tasks were performed in two conditions with and 
without PAD. The results show advantages of the PAD regarding all criteria. Objective measurement by sEMG showed a
reduction of the electrical activity of the analyzed trapezius and delta muscle when using the PAD (human efficiency).
Furthermore the results show that the usage of the PAD improves the performance by decreasing the time (use efficiency) and 
errors (effectiveness) in both tasks. The ratings of the subjects show a satisfied attitude towards the PAD, too. 
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
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1. Objective
Observations of surgical interventions show static postures of the abducted arms combined with slow movements 
of the arms as well as pronation and supination of the forearm [1, 2, 3]. In an interdiscipilinary team a Posture 
Assistance Device (PAD) has been designed to support surgeons and / or assistants in laparoscopic surgery (e. g. 
* Corresponding author. Tel.: +49 (0) 711 685 66601; fax: +49 (0) 711 685 66219.
E-mail address: kristian.karlovic@iktd.uni-stuttgart.de
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
1396   Kristian Karlovic et al. /  Procedia Manufacturing  3 ( 2015 )  1395 – 1402 
gynecology or urology) in order to reduce physical demand (especially in the significant trapezius muscle for 
stabilization and elevation of the shoulder blade [3, 4, 5]) without disturbing other processes in the OR and therefore 
enhancing patient safety [1, 2, 6].
The objective of this study is to provide first insights into the effects on performance and experience the use of 
this PAD has. Therefore a usability evaluation was conducted in a laboratory setting. It included two different 
abstract tasks with focus on manipulation precision. The data was collected by a multiple measurement approach of 
subjective and objective methods.
2. Significance
Surveys and analysis among surgeons and assistants show physical demand and harm due to suboptimal working 
postures because of poor ergonomics in laparoscopic surgery [1, 2, 3, 4, 7, 8]. Consequently the exerted tasks may 
be affected. In order to eliminate this risk and to increase patient safety, an assistive device is necessary [1] [2]. 
Other workplaces with hand-intensive tasks of low force and highly static performance (like office workplaces) 
show similar work-related musculoskeletal complaints, too [9, 10]. The topic of arm-assistance with the aim of 
reducing physical discomfort has been analyzed by previous studies for different tasks and show mainly positive
results concerning physical relief and subjective discomfort when using an armrest [9, 11, 12]. Galleano’s analysis
has shown that fixed armrests can improve comfort and task performance in laparoscopic surgery (laboratory 
setting) in dependence of the adjusted height of the armrest [13]. Odell used a dynamic spring-loaded forearm 
support system which provides support for 64 cm horizontal and 30 cm of vertical motion and showed reduction in 
static muscle activity of the upper extremity and an improvement of subjective comfort [9]. The horizontally / planar
movable active handrest of Fehlberg which uses a force-input by force-sensor and / or position input from a grasped 
tool for planar motion shows a reduction of task error, higher accuracy and shall reduce fatigue [14].
Previous studies reveal the importance of research in the field of PAD. Thus this study is significant, because it
presents a distinguishing manner of supporting device for the arm in comparison to the founded literature by us. 
3. Posture Assistance Device (PAD)
In this topic the PAD (see fig. 1), which was systematically designed, constructed and tested by the authors as 
part of the research-project “Interaktionsbasierte manipulatorgestützte Assistenz” [6], will be presented. 
Because of the new design of the PAD, we decided to make a modular construction for the PAD based on a 
force-sensor for intuitive operation (fig. 1). This should reduce the complexity of the system and enhance the 
feasibility as well as the possibility to expand the system with regard to different parameters and analysis for further 
improvement. The current PAD has a minimum of 3 DOF and a maximum of 5 DOF. This can be adjusted because 
of the modular construction. The 3 DOF are realized by 1 electrical linear actuator for vertical motion in y-axis (1), 
by 1 electrical linear actuator for horizontal motion in x-axis (6) and one electrical rotation actuator for rotation 
around z-axis (2). The fourth DOF is realized by a rotational bearing of the support around the vertical middle axis 
of the support (3). The fifth DOF is realized by a rotational bearing of the support around the horizontal 
anthropometric axis of the support analogous to the elbow joint. During the evaluation the system was adjusted to 4 
DOF. The support is the only contact point between user and PAD.
The whole travel is orientated to the anthropometry of the human being. Consequently the PAD can be used by a 
5%-woman as well as by a 95%-man which is an important ergonomic aspect. The construction of the system, the 
usage and the motions (DOFs) of the PAD were deduced in addition to the general requirements of ergonomics, 
from the sagittal, frontal and horizontal analyzed motion space and tasks of the analyzed surgeons and assistants in
the pre-studies [1, 2]. The complex task of supporting the surgeon dynamically should be intuitively carried out. 
Therefore only one human machine serial interface (HMI) is used. This is the modular substitutable support for the 
lower arm. Different shapes and degrees of support can be inserted there (fig. 1 b, d). The user can lean 
ergonomically correct on the support with his proximal lower arm according to Bullinger [15] in order to assist the 
arm while the needed DOFs resulting from the arm-motion (supi-, pronation, ab-, adduction, ante-, retroversion, 
flexion, extension) can be realized. Thus the exerted muscle-forces for static arm-postures can be reduced with the 
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absorbtion of muscle-strength by the arm support as it was partly shown in a pre-study [6]. Further there is no 
influence on complex hand- and finger-motions.
The user (surgeon / assistant) leans on the support, which is installed on the 6-axis-force-sensor (4). The user
doesn’t need to connect his arm elaborately with the support, so his arm isn't locked in the system completely. Thus 
he is able to get out of the system fast and intuitively by an arm movement upwards, which is recognized by the 
sensor and system control. In this situation (loss of contact between user and support) the system stops immediately. 
Because of this kind of HMI / support, the surgical system requirement in emergency situations and when the user
doesn’t want to use the PAD can be realized. Furthermore the time for preparation of the system is short, no changes 
in OR-equipment are needed and the surgeon can use the system without feeling narrowed. Consequently the user 
operates the PAD intuitively only with one HMI, so that the PAD follows the motions of the user in all directions 
and supports his arm constantly while maintaining the natural mobility. The user initiates the force-vector which is 
controlled by the force sensor resulting in activation of the actuators and bearings [16]. In this study the force was 
constant and equal for all subjects. These are important features of the system concerning ergonomics and usability.
The structure of the PAD behind and beside the surgeon results from the requirements of collision, space and 
sterility. Because of the two-part structure, the PAD can be used for both arms or only one arm (in this study used 
for right arm) and offers the mobility in positioning the system in the OR. The principle functionality of motion-
following and support of the arm can have another construction and structure, too.
Fig. 1 shows the CAD-model of the PAD with the user presenting the explained components and structure (a) as 
well as the PAD in reality positioned in the OR (b). Furthermore fig. 1 presents the PAD with the support which was 
used in the study (d) and a picture of an animation of the PAD in the OR in CAD (c). 
Fig. 1. (a) PAD with surgeon in CAD (b) PAD in reality positioned in OR (c) PAD inserted in OR in CAD of [17] (d) PAD in study.
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Fig. 2. Mean age and body height of the subjects.
4. Usability evaluation
4.1. Methods and materials
The data was collected from six subjects (1 female, 5 male). All subjects didn’t have experience with the PAD in 
advance. They were aged from 24 to 38 years with a mean of 30 years and had a body-height from 175 cm to 
200 cm with a mean of 185 cm (fig. 2). The right hand was dominant.
The multiple measurements approach (table 1) to gather data for usability [18] consisted of subjective and 
objective methods. The objective methods include the surface electromyography (sEMG) and life-record data from 
two perspectives in order to analyze posture and usability (effectiveness, efficiency). The subjective analysis 
includes the questionnaire of System Usability Scale (SUS) for the estimation of satisfaction using the PAD and
additionally a structured interview.
Table 1. Multiple measurement approach.
Subjective Methods
SUS-Questionnaire
Interview
Objective Methods
sEMG
Life-record data
The sEMG data was gathered from muscles important for the performance of abduction and anteversion of the 
arm in order to estimate muscular strain. These were the trapezius muscle (pars descendens) and the delta muscle 
(pars acromialis) of the right side of the body. [19, 4] Before the tasks a sEMG normalization to a submaximal static 
reference contraction with an external load of 1 kg (anteversion of the right arm) was made [3]. 
Life-record data was conducted for the whole observation. One camera was positioned in the front and the other 
camera was positioned at the right side of the subject. Thus the frontal postures of the upper extremity and the 
sagittal body-postures as well as the number of errors and task time could be analyzed.
The SUS-questionnaire is a reliable low cost usability scale which offers the opportunity of global assessments of 
usability in industrial systems evaluation [20]. The interview was used in order to get further information about 
special features of the PAD. So the subject could tell his impressions, conspicuities and details about the system
particularly concerning the usage.
4.2. Test procedure
Figure 3 shows the test procedure. At the beginning, the six subjects were introduced to the functionality of the 
PAD, the approach and the tasks which should be performed. The sEMG electrodes were placed and the sEMG 
reference measurement was made in this first stage, too.
After the introduction the subjects should familiarize themselves with the PAD for 2 minutes. The subjects made
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Fig. 3. Test procedure.
arbitrary movements in order to get a sense for the functionality and the usage of the PAD. After the familiarization 
the subjects had to maintain a resting time of two minutes. Then the two tasks were performed (always beginning 
with task 1) with and without the PAD. Both tasks were performed with the right hand. Between the two conditions 
was a fixed break time of two minutes. The order of the two conditions was changed in the following set. 
In a last step the subjects completed the SUS-questionnaire and answered questions of the following interview. 
4.3. Tasks
The tasks were positioned on a table in 117 cm height. The first task was to take the tweezer from a predefined 
position in the hand and to put 4 nuts (M5) from predefined positions on 4 fixed positioned bolts from the left to the 
right as well as to put the nuts back to the starting position. The nuts were positioned in front of the bolts with a 
distance of 10 mm. The distance between the bolts was 80 mm and the diameters of the bolts varied from 3 to 5 mm
(fig. 4). At the end the subjects had to put the tweezer up to the predefined position.
The second task began with taking the handle from a pre-set position. Then the user led the handle with a wire 
loop (diameter 12 mm) at the end through a wire trajectory (length in x 41 mm, height in y 18 mm, width in z 7 mm, 
wire diameter 1,50 mm) from the left to the right and back. At the end the user put the handle on the pre-set position.
The time for the tasks and the number of errors were measured. Error for task one was the failure to put nuts on 
the bolts for the first time and for task two the contact between the wire of the handle and the wire of the trajectory.
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Fig. 4. Experimental setup: (a) Tasks from side view; (b) Tasks from front view; (c) Task 2 without PAD; (d) Task 2 with PAD.
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Fig. 5. Electrical activity with 1 kg reference anteversion contraction for the delta and trapezius muscle for both tasks with and without PAD
5. Results
5.1. Objective measurement data
Fig. 5 shows the electrical activity with 1 kg anteversion reference contraction for the delta and the trapezius 
muscle. The diagram is divided into the two tasks as well as the comparison for performance with and without using 
the PAD. 
The results show that the electrical activity of the delta and the trapezius muscle is lower in both tasks when 
using the PAD comparing the medians. The median was considerably lower for the trapezius muscle than for the 
delta muscle (0,15 eA to 0,06 eA and 0,18 eA to 0,08 eA) when using the PAD. Consequently the physical demand 
concerning these two muscles could be reduced in this setting by using a PAD.
5.2. Life record data
Video-analysis delivers similar body and arm-postures when using PAD compared to not using PAD. The only 
difference observed was a slightly higher arm-abduction and slightly more comfortable / less tensed body-posture 
for similar positions with regard to the task when using PAD ȕ!Į7KLVLVVKRZQH[HPSODULO\LQILJ6 for two 
different subjects in different task situations. A possible explanation can be the reduction of muscle activity by using 
the PAD and consequently a reduced effort for the relevant muscles (e. g. delta) although the arm-abduction is 
higher. Maybe a higher arm-abduction is more comfortable when using PAD and precise tasks can also be 
performed with a higher arm-abduction combined with the PAD.
with PADwithout PAD with PADwithout PAD with PADwithout PAD
Į ȕ Į
ȕ
Į ȕ
Fig. 6 Posture video-analysis showing slightly higher arm-abduction when using PAD
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5.3. Usability related data
Fig. 7 shows the diagrams of the three usability factors efficiency (time), effectiveness (number of errors) and 
satisfaction (SUS-score) for the two tasks in both conditions. The SUS-Score applies to both tasks.  
The results show that the task time was 7 to 10% higher for both tasks when using the PAD. Since it is the first 
time the subjects used the PAD, the task time is considered to get better with more experience of the use and a better 
adjustment of ergonomic parameters of the system to the user. The mean number of errors decreased when using the 
PAD for task one by 50% and for task two by 16%. It is concluded that the PAD increased the precision of the 
performed tasks. The mean of the SUS-Score (81,25) reveals a high subjective usability and satisfaction when using 
the PAD [21]. Similar to the SUS-score, the interviews with the subjects showed a high satisfaction with the system. 
Particularly the intuitiveness of the system, the support and the direct support of the executed motions were 
mentioned. Furthermore the subjects felt safe in using the system (qualitative inverview). The significance of the 
appropriate assistance force was mentioned, too.
6. Discussion and conclusion
Our study showed that the PAD had a positive effect on performance regarding the usability factors effectiveness 
and satisfaction as well as the physical workload observed by sEMG analysis. The trapezius and delta muscles 
showed a reduction of muscle activity when using the PAD. Evaluation of effectiveness showed that the PAD 
reduced the number of errors and thus enhanced the precision of task performance. It can be said that the quality of 
the result is higher when using the PAD. Especially the intuitive use of the system, the support and the very good 
following of the motions were commended. Regarding efficiency respectively task time there was a longer duration 
for the tasks with using the PAD. More investigations have to be done regarding this usability factor because the 
subsequent hypothesis would be that learning effect and experience with the PAD show an influence on task 
efficiency. 
In summary, our pre-study showed very positive results of the PAD. In the next step, the PAD will be evaluated 
in a pre-clinical environment. Surgeons and assistants will evaluate the system performing significant tasks from 
surgery with regard to usability and physical demand. It is also planned to observe longer sessions of performance 
and to do further research concerning the ergonomics and particularly parameters for the ergonomic design of PAD. 
One research question is the appropriate and adaptive assistance force which will be analyzed in further research-
projects of the authors.
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